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Abstract 
The Jinzhou Bay is one of the bays polluted heavily by the heavy metals. Twenty surface seawater samples were 
collected to analyze the dissolved and particulate concentrations of Cu, Pb, Zn, Cd, Hg and As using the methods of 
Atomic Absorption and Atomic Fluorescence. The heavy metal distribution characteristics, influencing mechanism 
and the distribution ratio between particulate and dissolved state were analyzed. The results showed that the 
concentration of Cd in 25% stations was higher than the first standard value of sea water quality.  The concentration 
of As was lower than the standard value in all stations. The concentration of dissolved heavy metal was highest in 
west closer to the land and Wuli River estuary, and decreased from west to east. There was lower value area of heavy 
metals like tongue caused by the tidal. The particulate Pb concentration accounted for 83.00% in total concentration, 
and the other heavy metals in particulate state were lower than that in the dissolved state. The pollution of the 
particulate heavy metals was becoming more and more serious from open sea to offshore marine areas. Therefore the 
heavy metals distribution in the Bay was affected not only by the coastal pollutants but also by the hydrodynamic 
factors.  
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
   Jinzhou Bay is located in the east of the Bohai Sea and northwest of Liaodong Gulf (40°43′~40°53′N, 
120°56′~121°05′E). The bay is a semi-closed bay. The wave of the bay is mainly stormy wave, and has 
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seasonal characteristic [1]. There are many large and medium-size enterprises working at metallurgy, 
petroleum, chemical, mechanical shipbuilding and building material, along the coastal area of Jinzhou 
Bay, one of the old industrial bases in China. The pollutants from those industries made the bay become 
one of the most polluted coastal in China [2]. There were a lot of reports about the environment situation 
of the bay, but most of them were about the heavy metals pattern and distribution of the surface seawater 
sediments [2-4]. The research about the dissolved and particulate state heavy metals is not enough. In this 
paper, the concentration, distribution and its controlling factors of the dissolved and particulate heavy 
metals (Cu, Pb, Zn, Cd, Hg, As) were studied. The partition ratio between the two phases was analysed, in 
order to provide information and scientific bases for the researches of the marine pollution. 
2. Sample Collection and Measurement method 
2.1. Samples collection  
In September 2009, 20 stations were selected from the off-shore to open sea in the Jianzhou Bay, as 
shown in the Fig.1. The surface seawater samples were collected according to the Specification for 
Oceanographic Survey of China (GB17378-2007). The polyethylene sampling vessels were soaked in the 
1:4 nitric-acid for a few days, and then washed using tap-water, distilled water, and ultra pure water.  The 
sampling vessels were sealed up using polyethylene bags.  
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Fig.1 Post map of surface seawater sampling in Jinzhou Bay 
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2.2. Analytical Method of Samples 
  The seawater samples were filtered by using the 0.45µm cellulose acetate membranes. The 
membranes, used to determine the concentrations of the particulate heavy metals, were put into the 
capsules separately, and kept under -4℃. The filtrate were kept in the polyethylene sampling bottles, and 
nitric acid were added to make the pH<2. And the samples used to determine the concentration of Hg 
were acidized by the H2SO4.   
 The concentrations of the dissolved heavy metals were determined by using the atomic adsorption 
spectrometer (Thermo M6) for Cu, Pb, Zn, Cd. The content of As was determined by using the atomic 
fluorescence spectrometer (AFS-902), and Hg was determined by using the cold vapour atomic 
fluorescence spectrometer (Model Ⅲ). The heavy metals (Cu, Pb, Zn, Cd) in the particulate state were 
analysed by the atomic adsorption spectrometer, and the atomic fluorescence spectrometer was used to 
determine the concentration of the heavy metals Hg and As. 
3. Result and Discussion 
3.1. The dissolved heavy metals  
3.1.1. The concentrations of the dissolved heavy metals 
 
The results of the determination are shown in the Table 1. The mean concentrations of dissolved heavy 
metals Cu, Pb, Zn, Cd , Hg and As were  3.06 ,0.61, 11.87, 0.92, 0.030 and 2.190µg/L individually. The 
relative standard deviation (RSD %) among the sampling stations of different heavy metals was 
calculated to analyse the diversity of the heavy metals among the 20 sampling stations.  
The RSD of Pb and Zn were higher than the others. The two kinds of elements were not well 
distributed.  The contents of Cu and As were distributed better.  The dissolved heavy metal concentrations 
of the surface seawater in the Jinzhou Bay were compared with the Seawater Quality Standard of China 
(GB3097-1997), as shown in the Table.1. The concentrations of heavy metals exceeded the primary 
standard except As. The contents of Cd at about 25% stations were higher than the primary standard, so 
the most serious heavy metal pollution was the pollution of Cd. The pollution level of the others heavy 
metal was Zn, Hg>Pb>Cu>As. But all of the concentrations of the heavy metals were lower than the 
secondary standard of seawater quality standard of China. 
 
Table 1 Comparison of surface seawater heavy metal concentration in Jinzhou Bay and some typical water quality standards/µg/L 
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Item 
Cu 
µg/L 
Pb 
µg/L 
Zn 
µg/L 
Cd 
µg/L 
Hg 
µg/L 
As 
µg/L 
Reference 
Jinzhou 3.06 0.61 11.87 0.92 0.030 2.190 
This paper 
 1.26-6.49 
0.21-
1.39 
1.58-
25.73 
0.56-
2.04 
0.006-
0.058 
1.142-
3.655 
RSD % 38.91 53.24 59.81 43.11 49.33 35.34  
The Primary Standard of Seawater Quality 
Standard of China ≤5 ≤1 ≤20 ≤1 ≤0.05 ≤20 
GB3097-
1997 
Excessive rate % 5 10 15 25 15 0  
 
 Compared the concentrations of heavy metals in Jinzhou Bay with some typical seas (shown in the 
Table 2), the pollution of Jinzhou Bay was more serious than the South Yellow Sea, especially the 
pollution of Cu, Pb and Cd. This may be related to the semi-closed characteristic and the current of the 
Jinzhou Bay. The concentrations of Cu, Cd, Hg and As in the area were lower than those elements in the 
Luoyuan Bay, while the contents of Zn and Pb were higher. The Zinc plant and the ships moorings may 
contribute to this difference. The Bohai Bay is the central region of Bohai Sea.  Liaodong Gulf and the 
Jinzhou Bay are two inner bays in northwest of Bohai Sea. According to the Table 2, the research area 
had lower heavy metals compared with the two bays. This phenomenon should result from the industries 
distribution along the coast, the population and the hydrodynamic force. But the bay contained higher 
heavy metals than the Mediterranean. Compared with the background value of natural surface seawater, 
the concentrations of all the heavy metals exceed the background. It could be found that the bay had been 
seriously contaminated, and was in a higher environmental risk situation. 
 
Table 2.Comparison of heavy metals in surface seawater of typical seas (µg/L) 
 
Area Cu Pb Zn Cd Hg As Reference 
Jinzhou Bay 3.06 0.61 11.87 0.92 0.030 2.190 This paper 
The background 
value of natural 
surface seawater 
0.01-0.04 0.005-0.015 0.01 0.01 ND ND [5] 
Bohai Bay 3.22 4.43 44.56 0.20 0.05 ND [6] 
Liaodong Bay 5.01 4.91 34.06 1.04 ND ND [7] 
The South Yellow 
Sea 
1.12 0.30 3.44 0.053 0.0086 ND [8] 
Lianyungang 1.93 0.206 12.9 0.131 ND ND [9] 
Luoyuan Bay 5.58 0.16 4.99 2.50 0.04 9.31 [10] 
Mediterranean 
coastal 1.55 3.14 ND 0.0306 ND ND [11] 
ND is not determined or no data. 
 
1511J. Wang et al. / Procedia Environmental Sciences 13 (2012) 1507 – 15161538 J. Wang et al./ Procedia Environmental Sciences 8 (2011) 1534–1543 
 
3.1.2. The dissolved heavy metal distribution characteristic of Jinzhou Bay 
 
The distributions of heavy metals are shown in the Fig.2. The content of Cu was higher in the northeast 
of the bay but lower in the west of the research region and the open.   
The distributions of Pb, Zn, Cd and As had the lower value areas of heavy metals like tongue caused 
by the tidal. The concentrations of these heavy metals reduced from the offshore to the open sea.  But 
lower value areas appeared in the central bay. 
Maybe due to the moorings of the ships, there was higher content of Pb along the coastal of 
Dabijiashan Hill. At the mouth of the Wulihe River, the concentration of Zn was higher. The pollutants of 
the zinc plant were discharged into the river, and with the runoff, the pollutions emission into the sea.  
The contents of the Cd and As decreased from the littoral sea area to the central sea area. In the north of 
the bay, the pollution of Cd was more serious. The concentration of As was higher in the sea area near the 
Jinzhou City.  
 
The distribution of Hg was different to the other heavy metals. The element of Hg is easy to volatilize 
and transfer with the flow. This may make its diversity among the stations obvious, so the pollution of Hg 
was severity. 
The characteristics of the heavy metals distributions reflected the humanity influence on the littoral sea.  
The samples were collected in summer. The current of the bay in summer is more strongly than in the 
other seasons, with higher in the south of the bay and lower current in the central. This may affect the 
distributions of the heavy metals. 
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Fig.2   The dissolved heavy metals distributions of surface seawater in Jinzhou Bay (µg/L) 
3.2. The concentrations of the particulate heavy metals 
The determination results of the concentrations of the particulate heavy metals are shown in the Table 
3. Except the trace metal As, the heavy metal diversities among stations were similar. The concentration 
distribution of As was concentrated, and the high content area was around the Huludao Island. Analyzed 
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the data with the data of the Table 1, the concentrations of the dissolved Cu, Zn, Cd, Hg and As were 
higher than those heavy metals in the particulate state. The difference of Hg between the two phases was 
not significant.   
 
Table 3.The concentration of the heavy metals in the particulate state in the Jinzhou Bay 
Item Cu Pb Zn Cd Hg As 
The lowest value(µg/L) 0.066 1.249 1.040 0.017 0.015 0.026 
The highest value(µg/L) 0.953 7.036 7.898 0.105 0.042 1.873 
The average value(µg/L) 0.446 3.664 4.045 0.047 0.027 0.403 
The mean RSD % 49.28 47.02 45.49 53.75 26.40 124.64 
 
3.3. The analysis of the heavy metals in the solid-liquid two phase  
The classification of the heavy metal in the seawater is affected by many factors, such as pH, salinity, 
the concentration of the suspended matters and the particular size [12], and it is significant for the 
transportation, behaviour and the bioavailability of the heavy metals in marine environment.  
The Table 4 shows the ratios of the heavy metals in the dissolved state and in the particulate state. The 
particulate concentration of Pb accounted for 83.00%, so the particulate state was its main form. The prior 
existence of the other heavy metals was the dissolved state.  
In order to compare the distribute of the heavy metals in the two-phase directly, the solid-water 
partition coefficient (Kd) was introduced. Kd could supply the basis for the quantitative analysis of the 
heavy metal partition between dissolved and particulate [13]. The magnitude of Kd could indicate the 
strength of the suspended activity.  
Kd=Cs/Cw (Cs is the concentration of the suspended particulate heavy metals; Cw is the concentration 
of the dissolved heavy metals). 
Due to the different inversion mechanism, the Kd of the heavy metals were vary, as shown in the Table 
4. The Kd of heavy metals Pb and Hg were bigger than that of the other heavy metals. The order of the 
mean Kd of the every heavy metals was Pb>Hg>Zn>As>Cu>Cd. The heavy metal Pb, has advanced grain 
reactivity, and is easily gathered by the particles, so the heavy metal Pb is removed into the sediments 
with the particles when the flow velocity is lower. The particulate reactivity of Cu is weak, and Cu tends 
to form some stable compounds, so it could exit in the dissolved state. Meanwhile the partition of Cu is 
controlled by the suspended matters and the complexing chemical reaction with the dissolved organic 
matters in the seawater [14].  
The variation of the heavy metals concentrations in the particulate state is not only related to the 
properties of the heavy metals, but also is in relation to the current, particle size and the organic matters in 
the seawater of the Jinzhou Bay. Chunjuan Bi [15] et al had pointed out that the key factors that 
influencing the tidal cycles of particulate heavy metals were the organic matter in the particles and the 
content of fine particle grain. The difficult-dissolved heavy metals mostly are transported from aqueous 
phase into the solid phase. The particulates experience the suspension-sedimentation-resuspension 
process under the effect of the tidal and stormy waves. The desorption of the suspended matters and the 
release of the submarine sediment in this process may occur, and that makes the vary partitions of the 
heavy metals between the dissolved and particulate state diverse. 
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Table 4   The solid-water partition coefficient of the heavy metals in the Jinzhou Bay 
Item Cu Pb Zn Cd Hg As 
The dissolved ratio % 86.44 17.00 70.73 94.80 50.59 85.21 
The particulate ratio % 13.56 83.00 29.27 5.20 49.41 14.79 
Kd 0.162 8.531 0.566 0.056 1.355 0.232 
All data are in the mean. 
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4. Conclusions 
(1) The average concentrations of the heavy metals (Cu, Pb, Zn, Cd, Hg, As) were 3.06, 0.61, 11.87, 
0.92, 0.030 and 2.190µg/L respectively. Except for As, the other heavy metals concentration exceed those 
of the primary standard of the Seawater Quality Standard of China. The pollution of Cd was more serious, 
and its contents at about 25% stations were higher than the primary standard. 
(2) The concentration of the dissolved heavy metals decreased from the west to the east. There was 
lower value area of heavy metals like tongue caused by the tidal. The characteristics of the heavy metals 
distributions reflected the humanity influence on the littoral sea. The distribution of the heavy metal Hg 
was different from the others, caused by the characteristic of the element. 
(3)  The concentrations of the dissolved Cu, Zn, Cd, Hg and As were higher than those heavy metals in 
the particulate state.  The difference of Hg between the two phases was not significant.  
(4) The Kd of heavy metals Pb and Hg were higher than that of the other heavy metals. The order of 
the mean Kd of the every heavy metals was Pb>Hg>Zn>As>Cu>Cd. The variation of the heavy metals 
concentrations in the particulate state is not only related to the properties of the heavy metals, but also is 
in relation to the current, particle size and the organic matters in the seawater. 
(5)  The heavy metal pollution in the Jinzhou Bay was serious. More management and treatment 
should be introduced in order to protect the marine environment. 
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